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ABSTRACT 
3-Monochloropropane-1,2-diol (3-MCPD) is a food processing contaminant classified as a possible human 
carcinogen for which the SCF established a tolerable daily intake (TDI) of 2 µg/kg b.w. This report describes 
levels of 3-MCPD in food, based on 1 235 analytical results collected in European Member States from 2009 to 
2011 and submitted to EFSA. Left censored results (59 % of the total) were substituted by lower bound (LB), 
upper bound (UB) and middle bound (MB) values. The mean occurrence of 3-MCPD in 11 food groups and 34 
sub-groups (overall, 45 food groups) was calculated as a MB estimate and range [MB (LB-UB)]. In the majority 
of food groups, mean occurrence values ranged from ‘not detected’ to 50 µg/kg. Higher values were found in 
‘Animal and vegetable fats and oils’ [1 020 (960 – 1 090) µg/kg] and its sub-groups. Mean and 95
th percentile 
(P95) dietary exposure for the total population was estimated by combining mean occurrence data and 
consumption data at individual level from the EFSA Comprehensive European Food Consumption Database. 
The mean exposure to 3-MCPD was < 1 µg/kg b.w. per day in most population groups (age groups across 
surveys; N = 60 out of 64). In four population groups mean dietary exposure was between 1 and 1.5 µg/kg b.w. 
per day. The P95 of exposure was below 2 µg/kg b.w. per day in 56 population groups and between 2 and 
3 µg/kg b.w. per day in the remaining eight population groups. ‘Margarine and similar products’ was the main 
contributor to the exposure in 45 population groups (70 %) and ‘Vegetable fats and oils (excluding walnut oil)’ 
in 18 population groups (28 %). Other relevant contributors were ‘Bread and rolls’ (contribution to the total 
exposure in the range 6-26 %), ‘Fine bakery wares’ (4-29 %) and ‘Preserved meat (smoked)’ (3-18 %). 
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SUMMARY 
In the framework of Articles 23 and 33 of Regulation (EC) No 178/2002
4 the European Food Safety 
Authority (EFSA) has received from the European Commission (EC) the mandate to collect on a 
continuous basis all available data on the occurrence of chemical contaminants in food and feed and to 
periodically produce topical reports on the occurrence of specific contaminants (mandate 
M-2010-0374). The present report includes an overview of the occurrence of 
3-monochloropropane-1,2-diol (3-MCPD) in food. The report addresses data collected in European 
Member States from 2009 to 2011 and submitted to EFSA. 
3-MCPD is a food processing contaminant formed by heat as a reaction product of triacylglycerols, 
phospholipids or glycerol and hydrochloric acid in fat-based or fat-containing foods. Depending on the 
type of food it may occur as a free substance, in the form of an ester with fatty acids or in both forms 
(Svejkovská et al., 2004). The main target organ for 3-MCPD toxicity is the kidney, with chronic oral 
exposure resulting in nephropathy and tubular hyperplasia and adenomas (as reviewed by the Joint 
FAO/WHO Expert Committee on Food Additives, JECFA (JECFA, 2002; in particular Sunahara et 
al., 1993). The Scientific Committee on Food (SCF) established a tolerable daily intake (TDI) for 
3-MCPD of 2 µg/kg body weight (b.w.) (SCF, 2001). The International Agency for Research on 
Cancer (IARC) has classified 3-MCPD as a “possible human carcinogen (group 2B)” (IARC, 2012). 
The Joint FAO/WHO Expert Committee on Food Additives (JECFA) established for the free 
compound a provisional maximum tolerable daily intake (PMTDI) of 2 µg/kg b.w. (JECFA, 2002, 
2007). Commission Regulation (EC) No 1881/2006
5 established for hydrolyzed vegetable protein 
(HVP) and soy sauce a maximum level of 20 μg/kg for liquid products containing 40 % dry matter, 
corresponding to a maximum of 50 µg/kg in the dry matter. 
Studies have shown that the highest occurrence of 3-MCPD in food is in food categories where it is 
ester-linked with fatty acids in the form of mono- or di-esters (Svejkovská et al., 2004; Weisshaar, 
2011; Crews et al., 2013). High levels of 3-MCPD esters are found in edible refined plant oils and fats, 
and composite food containing them. By the action of lipases, 3-MCPD can be released from the esters 
in vivo and a recent study (Abraham et al., 2013) supports the assumption of equivalent oral 
bioavailability of 3-MCPD in the free form and in the ester form (BfR, 2007; EFSA, 2008). 
As for free 3-MCPD, official methods are not established for the analytical determination of 3-MCPD 
esters. Scientific activity has taken place in recent years to develop and validate efficient and reliable 
methods for the analysis of 3-MCPD in its forms (reviewed in Wenzl et al., 2007; Baer et al., 2010; 
Crews et al., 2013). Depending on the analytical method, a broad range of limits of detection (LOD) 
and limits of quantification (LOQ) is encountered. Parallel with analytical method development the 
occurrence of 3-MCPD in different foodstuffs has been investigated. 
The data for the present report have been extracted from the EFSA chemical occurrence database, and 
include data from sampling years 2009 to 2011. The reasons for choosing a limited time frame relate 
to the improvement in data collection introduced by the Standard Sample Description, SSD (EFSA, 
2010a), and the improvement of the analytical methods, to reduce the possible overestimation of 
occurrence experienced in older methods (Weisshaar and Perz, 2010; Weisshaar et al., 2011). 
After extraction and data cleaning, the 3-MCPD dataset included 1 235 analytical results submitted by 
14 European countries relating to 11 food groups. Considering also the sub-groups of the 11 groups, a 
total of 45 food groups were considered in the present assessment.  
                                                      
4  Regulation (EC) No 178/2002 of the European Parliament and of the Council of 28 January 2002 laying down the general 
principles and requirements of food law, establishing the European Food Safety Authority and laying down procedures in 
matters of food safety. OJ L 31, 1.2.2002, p. 1-24. 
5  Commission Regulation (EC) No 1881/2006 of 19 December 2006 setting maximum levels for certain contaminants in 
foodstuffs. OJ L 364, 20.12.2006 p.1-26. 3-MCPD occurrence in food in Europe
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For all analytical results, it was assumed that reported values represented the total amount of 3-MCPD 
in the respective sample. No distinction was made in the data analysis between 3-MCPD (free) and 3-
MCPD (from ester bounds) based on the assumption of equivalent oral bioavailability (Abraham et al., 
2013). 
A broad range of the left-censoring limit (LC limit) (i.e. limit of detection - LOD and limit of 
quantification - LOQ) was observed among food groups and in some cases even within the same food 
group; the LC limits ranged between 1 and 1 000 µg/kg. The 727 left-censored results (LC results) 
(analytical results reported either as < LOD or < LOQ), corresponding to 59 % of all results, were 
treated using the substitution method (WHO, 2009; EFSA, 2010b). Three scenarios were considered: 
lower bound (LB) where the LC results were replaced with 0, upper bound (UB, where they were 
replaced with the LC limits and middle bound (MB) where they were replaced with half of the LC 
limit. The mean occurrence of 3-MCPD in different food groups with LC results was calculated as a 
MB estimate and range [MB (LB – UB)]. 
High mean [MB  (LB  –  UB)] occurrence of 3-MCPD  was observed in the group ‘Animal and 
vegetable fats and oils’ [1 020 (960 – 1 090) µg/kg] and in its sub-groups: ‘Margarine and similar 
products’  [1 500 (1 480 – 1 530) µg/kg],  ‘Fats  of  mixed  origin’  [1 230 (1 170 – 1 290) µg/kg]  and 
‘Vegetable fats and oils’ [820 (740 - 890) µg/kg]. Inside the food group ‘Vegetable fats and oils’, 
mean occurrence of 3-MCPD was separately evaluated in ‘Walnut oil’ [4 750 (4 740 – 4 750) µg/kg] 
and in ‘Vegetable fats and oils (excluding walnut oil)’ [430  (350  -  520)  µg/kg]. The latter group 
includes ‘Vegetable fats and oils refined’ [530 (460 - 600) µg/kg], ‘Vegetable fats and oils unrefined 
(excluding  walnut  oil)’  [250 (200 - 310) µg/kg]  and ‘Vegetable fats and oils unspecified refining 
(excluding walnut oil)’ [450 (350 - 540) µg/kg]. 
Mean occurrence of 3-MCPD in other food groups was as follows: ‘Grains and grain-based products’ 
[33 (26 - 39) µg/kg], ‘Fish meat (smoked)’ [37 (36 - 37) µg/kg], ‘Preserved meat (smoked)’ [47 µg/kg, 
no LC results] and ‘Herbs, spices and condiments’ [9.2 (6 - 12) µg/kg]. In the group ‘Herbs, spices 
and condiments’ values higher than the average of the group were found in the sub groups ‘Dressings’ 
[120 (110 - 140) µg/kg] and ‘Mixed spices’ [25 (23 - 26) µg/kg]. High single values were reported for 
‘Infant formulae, powder’ (300 µg/kg, N = 1), ‘Follow-on formulae, powder’ (800 and 1 200 µg/kg, 
N = 2) and ‘Potatoes and potato products’ (390 µg/kg, N = 1).  
A preliminary estimate of the mean and 95th percentile (total population) chronic dietary exposure to 
3-MCPD of the different age classes across European surveys (population groups) was based on the 
mean MB occurrence in 15 food groups. Food groups with too few analytical results (1 or 2 results; 
N = 10) were not considered in the exposure assessment. For the majority of population groups, mean 
dietary exposure to 3-MCPD was below 1 µg/kg b.w. per day (60 out of 64 population groups). In two 
dietary surveys on ‘Toddlers’ and two on ‘Other children’ mean dietary exposure was between 1 and 
1.5 µg/kg b.w. per day. In the case of high consumers, P95 exposure was below 1 µg/kg b.w. per day 
in approximately half of the population groups (30 groups out of 64 corresponding to 47 %), while it 
was between 1 and 2 µg/kg b.w. per day in 26 population groups. In eight population groups (three on 
‘Other children’, three on ‘Toddlers’, one on ‘Elderly’ and one on ‘Very elderly’), P95 exposure was 
between 2 and 3 µg/kg b.w. per day. 
The contribution of the food groups to the overall mean exposure in the different population groups 
was also evaluated: ‘Margarine and similar products’ appears among the top three contributors to 3-
MCPD exposure in 47 population groups out of 64 (73 %), with a contribution to the total exposure in 
the range 13-83 %; ‘Bread and rolls’ in 55 population groups (86 %), with a contribution to the total 
exposure in the range 6-26 %; ‘Vegetable fats and oils (excluding walnut oil)’ in 34 population groups 
(53 %), with a contribution to the total exposure in the range 5-74 %; ‘Fine bakery wares’ in 30 
population groups (47 %) with a contribution to the total exposure in the range 4-29 %; ‘Preserved 
meat (smoked)’ in 17 population groups (27 %) with a contribution to the total exposure in the range 
3-18 %. In particular, ‘Margarine and similar products’ is the main contributor to the exposure in 45 3-MCPD occurrence in food in Europe
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population groups (70 %) and ‘Vegetable fats and oils (excluding walnut oil)’ is the main contributor 
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BACKGROUND  
Within the framework of Articles 23 and 33 of Regulation (EC) No 178/2002
6 the European Food 
Safety Authority (EFSA) has received from the European Commission (EC) several mandates to 
collect data on the occurrence of chemical contaminants in food and feed (Mandates M-2008-0143, 
M-2009-0130*, M-2009-0131*, M-2009-0277, M-2009-0318, M-2010-0132, M-2010-0374*). Some 
of these mandates (those marked with *) refer to continuous data collection, especially M-2010-0374 
that poses the basis for the permanent collection of data on food and feed contaminants summarising a 
list of priority substances. In mandate M-2009-0318 EFSA was requested to prepare data collection 
templates for ethyl carbamate and 3-monochloropropane-1,2-diol- (3-MCPD) esters. This mandate 
suggested to report 3-MCPD esters on a product basis (not on a fat basis), calculating them as 3-
MCPD. The report on data collection templates for ethyl carbamate and 3-MCPD esters was published 
in 2010 (EFSA, 2010c) 
One of the tasks assigned to EFSA in relation to the continuous data collection (mandate M-2010-
0374) is to issue reports on specific topics containing, besides an analysis of the received data, also 
recommendations for improving data collection on the topic. 
TERMS OF REFERENCE AS PROVIDED BY THE EUROPEAN COMMISSION 
In January 2013, within the framework of M-2010-0374 on continuous data collection the European 
Commission agreed with EFSA (Dietary and Chemical Monitoring Unit) the list of topical reports for 
2013, including 3-MCPD in this list. The report should focus on occurrence data and also include 
preliminary information on implications for dietary exposure where sufficient occurrence data are 
available. 
CONTEXT OF THE SCIENTIFIC OUTPUT 
The present report describes the occurrence of 3-MCPD in food based on data collected in European 
Member States from 2009 to 2011 as well as a preliminary exposure assessment.  
                                                      
6 See note 4 page 2. 3-MCPD occurrence in food in Europe
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ASSESSMENT 
1.  INTRODUCTION 
3-Monochloropropane-1,2-diol (3-MCPD) is a food processing contaminant that belongs to a group of 
chemicals called chloropropanols. It was first detected in (acid-) hydrolyzed vegetable protein (HVP), 
a seasoning ingredient, in soy sauce and similar foods, formed as a reaction product of hydrochloric 
acid with triacylglycerols, phospholipids and glycerol from the residual vegetable oil (Velisek et al., 
1978). Further studies showed that 3-MCPD may also occur in products other than HVP such as 
thermally processed foods like bakery products, malt-derived products, cooked/cured fish or meat, 
being formed during manufacturing or cooking from lipids and sodium chloride naturally present or 
added to the food (Hamlet et al., 2002; Hamlet and Sadd, 2004; Baer et al., 2010).   
Toxicological animal studies have shown that the main target organ for 3-MCPD toxicity is the 
kidney, with chronic oral exposure resulting in nephropathy and tubular hyperplasia and adenomas (as 
reviewed by the Joint FAO/WHO Expert Committee on Food Additives, JECFA (JECFA, 2002; in 
particular, Sunahara et al., 1993). 3-MCPD has also been shown to induce infertility in rats and 
suppression of the immune function (Lee et al., 2004; Lee et al., 2005). 3-MCPD has been found to be 
genotoxic in most in vitro assays, although negative results were obtained in in vivo assays (Bakhiya et 
al., 2011). Evidence of carcinogenic activity in male rats and some evidence of carcinogenicity 
activity in female rats has been reported (Cho et al., 2008). The International Agency for Research on 
Cancer (IARC) has classified 3-MCPD as a “possible human carcinogen (group 2B)” (IARC, 2012). 
In 2001, the Scientific Committee on Food (SCF) concluded that 3-MCPD was a non-genotoxic 
carcinogen and established a tolerable daily intake (TDI) for 3-MCPD of 2 µg/kg body weight (b.w.) 
(SCF, 2001), based on the lowest-observed-adverse-effect-level (LOAEL) for renal tubular 
hyperplasia from a 2-year carcinogenicity study in rats. JECFA established a provisional maximum 
tolerable daily intake (PMTDI) of 2 µg/kg b.w. (JECFA, 2002, 2007) based on the same study. 
A European maximum level of 20 μg/kg (for the liquid product containing 40  % dry matter, 
corresponding to a maximum level of 50 μg/kg in the dry matter) was laid down for HVP and soy 
sauce in Commission Regulation (EC) No 1881/2006
7. The provisions for sampling and analysis for 
the official control of the levels of 3-MCPD are defined in Commission Regulation (EC) No 
333/2007
8. No specific methods for the determination of this contaminant are prescribed, but 
performance criteria are established which have to be fulfilled, such as limit of detection (LOD) and 
limit of quantification (LOQ) of 5 and 10 µg/kg (or less) on a dry matter basis, respectively. The 
methods described in the literature for the analytical determination of 3-MCPD require derivatisation 
prior to the gas chromatography-mass spectrometry (GC-MS) determination to enhance volatility and 
sensitivity. The most common derivatisation agents are (i) boronic derivatives (e.g. phenylboronic 
acid, PBA), (ii) heptafluorobutyryl derivatives (e.g.heptafluorobutyrylimidazole, HFBI) and (iii) 
dioxolane derivatives (as reviewed by Wenzl et al., 2007; Baer et al., 2010). LODs mostly < 5 µg/kg 
have been reported for the analysis of bread and other solid samples (as cited by Baer et al., 2010). 
Further investigations have shown that 3-MCPD is present in food not only in its free form but also in 
the form of mono- or di-esters with fatty acids; in many foodstuffs most of the 3-MCPD is actually in 
ester-linked form (Svejkovská et al., 2004; Weisshaar, 2011; Crews et al., 2013). High levels of 3-
MCPD esters have been reported in edible refined plant oils and fats, especially palm oil, as well as in 
other products, such as crisp bread (Svejkovska et al., 2004; Weisshaar, 2011). By the action of 
lipases, 3-MCPD can be released from their esters in vivo (Hamlet and Sadd, 2004), thus contributing 
to the intake of 3-MCPD. A recent study by Abraham et al. (2013) on the relative oral bioavailability 
of 3-MCPD from a 3-MCPD di-ester, has concluded that for the purpose of a risk assessment it is 
                                                      
7 See note 5 page 2 
8  Commission Regulation (EC) No 333/2007 of 28 March 2007 laying down the methods of sampling and analysis for the 
official control of the levels of lead, cadmium, mercury, inorganic tin, 3-MCPD and benzo(a)pyrene in foodstuffs. OJ L 88, 
March 2007, p. 29-38. 3-MCPD occurrence in food in Europe
 
EFSA Journal 2013;11(9):3381  8
justified to assume complete hydrolysis of the di-esters in the gastrointestinal tract. This assumption 
was already considered in 2007 by the German Federal Institute for Risk Assessment, BfR (BfR, 
2007) and by EFSA (2008). Toxicological data on 3-MCPD esters are scarce. A sub-chronic toxicity 
study in rats administered equimolar doses of free 3-MCPD or a di-ester (di-palmitate) via gavage 
confirmed that the kidneys and testes are the main target organs for 3-MCPD toxicity as well as for the 
3-MCPD di-ester studied, although the effects were milder and proportional to the urinary excretion of 
metabolites, which was lower than that observed for free 3-MCPD (Barocelli et al., 2011). Benchmark 
doses for renal and testicular damage were higher for the di-ester compared to those calculated for 3-
MCPD, probably due to a slower and/or lower bioavailability and excretion rate (Barocelli et al., 
2011). 
As for free 3-MCPD, there are no official methods established for the analytical determination of 
3-MCPD esters. Crew et al. (2013) have reviewed the analytical approaches described in the literature 
for the indirect and direct determination of 3-MCPD esters. 
The indirect determination comprises a series of steps to convert the 3-MCPD esters present in the 
sample to free 3-MCPD that is finally quantified. Transesterification (either in acid or alkaline 
medium, or by enzymatic hydrolysis) followed by neutralization and salting out is performed to obtain 
the free 3-MCPD, that will be further derivatised and analysed by GC-MS. The two proficiency tests 
on 3-MCPD esters in edible oils (IRMM, 2009; FAPAS, 2011), where the participants were free to use 
their own methods, showed that the application of a particular analysis procedure (e.g. acid or alkaline 
medium transesterification) might strongly influence the results (IRMM, 2009), and identified the 
hydrolysis of the esters as the critical step in the determination. 
The direct determination of 3-MCPD esters relies on well-established sample preparation methods 
used for lipid analysis and in contrast to indirect methods, provides information on the pattern of 
3-MCPD esters present in the products investigated. The potential large number of possible mono- and 
di-esters of 3-MCPD, that relates to the number of different fatty acids present in the product 
investigated, require selective separation and detection methods, as well as the availability of suitable 
reference materials (Crews et al., 2013). The methods described in the literature report the 
determination of a varying number of mono- and di-esters by liquid chromatography coupled to mass 
spectrometry (LC-MS), with a previous sample preparation step for the removal of interferences (e.g. 
solid phase extraction) and the addition of labelled internal standards (Haines et al., 2011; Hori et al., 
2012a; Crews et al., 2013). The use of such direct methods is to date less common than the use of 
indirect methods. 
1.1.  Published occurrence data 
A number of studies reporting levels of 3-MCPD esters in different food commodities have been 
published in the literature. Table A in the Appendix shows some of those studies where the type of 
food analysed, the number of samples, the method used and the range of values of the analytical 
results (expressed in mg/kg) are indicated. The table is modified from Crews et al. (2013) including 
additional recent studies. Considering the different food groups (reported as ‘Class’ in the cited table), 
a broad range of values for the analytical results are observed in the food groups and also in the food 
products (reported as ‘Food’ in the cited table) included in the food groups. In the following overview, 
analytical results in Table A obtained with direct methods and quantifying the whole ester molecules, 
including the fatty acid chains, are not considered because they are not comparable with results 
referred to the 3-MCPD molecule only; the values have been rounded to one decimal non-zero figure. 
For cereals (and cereal products), values are in the range < 0.01 -1.4 mg/kg (values in table A have 
been rounded). For coffee, values are in the range < 0.1 -0.4 mg/kg. For dairy products, reported 
values range between non-detected and 1.3 mg/kg. For infant and baby food, the range is < 0.01 – 1 
mg/kg; the highest value was re-calculated from 4.1 mg/kg (reported in table A) on the fat portion of a 
sample of infant formula, based on the given fat content interval. Values for malt and beer are in the 
range 0.004-0.7 mg/kg. The range for meat (and meat products) is between non-detected and 6.4 
mg/kg, whereas for fish meat (smoked and pickled) the range is 0.3-1.1 mg/kg. In the group oils and 3-MCPD occurrence in food in Europe
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fats the range of occurrence values is between non-detected and 19 mg/kg. For potato products, values 
in the range 0.01-1.2 mg/kg are reported. Other miscellaneous foods have also been analysed; the 
range of values are: 0.4-0.7 mg/kg in bouillon cubes, between non-detected and 0.5 mg/kg in roasted 
nuts and between non-quantified and roughly 1.5 mg/kg (re-calculated from reported value based on 
average reported fat content) in sweet spreads. 
As shown in Table A in the Appendix, most of the studies on ester bound 3-MCPD have focused on 
vegetable oils and fats, cereals and potato products. Fewer studies on other food groups, such as meat 
and dairy products have been reported.  
Regarding non-ester bound 3-MCPD, a study on formation of free 3-MCPD in meat has been recently 
published by Schallschmidt et al. (2012). The authors analysed free 3-MCPD in pork steaks and 
studied the influence of different grilling conditions (electric, gas and charcoal grilling, as well as the 
addition of salt and the use of oil or emulsion marinade). The authors observed very different levels of 
3-MCPD depending on the pre-treatment and the grilling conditions (range < 0.001 to 0.365 mg/kg, 
median 0.016 mg/kg). Charcoal and gas grilled steaks showed higher levels than those cooked using 
an electric grill. The highest contamination was found for a steak pre-treated with an oily marinade 
grilled on a charcoal grill with a closed lid. The authors warn that in this study ‘only the uptake of free 
3-MCPD has been considered’ and that future grilling experiments should consider the formation of 
free 3-MCPD and 3-MCPD esters (Schallschmidt et al., 2012).  
2.  MATERIALS AND METHODS 
2.1.  Data collection and extraction 
Data were extracted from the EFSA chemical occurrence database on 19 April 2013. The data in the 
EFSA chemical occurrence database were collected in the framework of the annual collection of 
chemical occurrence data performed by EFSA (M-2010-0374). Only data from competent authorities 
was available; no data from other data providers was present in the database. 
The records were extracted from the database filtering on the fields PARAMCODE (for the substance 
analysed) and SAMPY (for the sampling year). These fields are defined in the Standard Sample 
Description, SSD (EFSA, 2010a), which is the EFSA standard for receipt of chemical occurrence data. 
In this case, the PARAMCODE was restricted to "RF-00000376-ORG" (3-MCPDs), "RF-00000377-
ORG" (3-MCPD free), "RF-00000378-ORG" (3-MCPD sum free and ester bound), "RF-00000380-
ORG" (3-MCPD from ester bounds). 
The analytical methodology to measure the occurrence of 3-MCPD from ester bounds has been 
improved in the recent years (as reviewed in Crews et al., 2013). In particular, until approximately 
2009 at least part of the analyses of ester bound 3-MCPD in fats and oils also measured glycidol as 3-
MCPD, thus overestimating the occurrence (Weisshaar and Perz, 2010; Weisshaar et al., 2011). 
Therefore, only the most recent data (i.e. from sampling years 2009-2011) were extracted from the 
EFSA database (N = 1306).  
2.2.  Data management 
A series of data management steps were applied to the extracted data. 
2.2.1.  Data cleaning 
The reported concentration values were checked in order to identify duplicate data (based on the 
sample code) and possible errors in the unit of measure. The check of the unit of measure was 
performed by comparing the order of magnitude of the values provided for the analytical results, the 
limit of detection (LOD) and the limit of quantification (LOQ) across the database. Some suspect 
analytical results were found, where the LOD, LOQ and the concentration values exceeded by several 
orders of magnitude other results in the same food group. Additionally, a refined identification of 
potential outliers was performed with the Tukey’s method (Tukey, 1977) which identifies the values 3-MCPD occurrence in food in Europe
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greater than the 75th percentile plus 1.5 times the interquartile distance, or less than the 25th percentile 
minus 1.5 times the interquartile distance as possible outliers. For the suspect analytical results and the 
potential outlier values (overall 46 results), data providers were asked to check the correctness of the 
transmitted data. In 39 cases, they transpired to be an error of the unit of measurement transmitted. 
The data were corrected accordingly. Some data (N = 7) with high values were confirmed as correct 
by the relevant Member State data provider. These values were included in the final dataset, and their 
presence in the respective food groups was highlighted. 
In one case, no clarification was received from the original data provider and the data point was 
removed. One duplicate result was identified and removed. Overall, in this step two out of the 1306 
analytical results were excluded. 
2.2.2.  Sampling method 
All data were from analysis on individual samples.  
2.2.3.  Sampling strategy 
Suspect samples
9 may lead to an overestimation of the contamination levels if the measured 
concentration is higher than the average of the other results in the same food group. There were two 
results from suspect samples in the 3-MCPD data set in the food group ‘Soy sauce’, both of which 
were not detected, therefore they were not excluded.  
2.2.4.  Left-censored results 
Left-censored results (LC results) are analytical results reported either as < LOD or < LOQ. The limit 
(LOD or LOQ) applied for each specific result is the left-censoring limit (LC limit). Depending on the 
scope of the analysis (free form, ester bound form), the analytical method and the LC limits may vary. 
For the analysis of free 3-MCPD in food, LC limits have been established in some foods (the LOQ 
must be ≤ 10 μg/kg on dry matter basis (LOD ≤ 5 μg/kg) for HVP and soy sauce) as defined in 
Commission Regulation (EC) No 333/2007
10. The LC limits for most of the analytical results on HVP 
and soy sauce were at or below the prescribed limits. In the case of 40 analytical results out of 386 
(10 %), the limits were higher than those prescribed, but anyway less than or equal to the maximum 
limits established by Commission Regulation (EC) No 1881/2006 for these two food groups. For the 
analysis of 3-MCPD from ester bounds, which is more complex, no specific limits are laid down in the 
legislation and these analyses may have higher LC limits. No exclusion criterion was applied based on 
LC limits. 
2.2.5.  Management of LC results 
LC results were treated by the substitution method (EFSA, 2010b). This approach, based on the 
consideration that the true value for LC results may actually be any value between 0 and the LC limit, 
compares the two extreme scenarios. The lower bound (LB) scenario assumes that the substance is 
absent; thus, to LC results a value of 0 is imputed. The upper bound (UB) scenario assumes that the 
substance is present at the level of the limit; thus, to results reported as < LOD or < LOQ the value of 
the respective LC limit is assigned. Additionally, as a point estimate between the two extremes, the 
middle bound (MB) scenario is calculated by assigning a value of LOD/2 or LOQ/2 to the LC results. 
2.2.6.  Food classification 
The analytical results were classified according to the FoodEx1 food classification system. FoodEx1 is 
a provisional food classification system developed by the EFSA’s Dietary and Chemical Monitoring 
Unit in 2009 with the objective to link at a detailed level occurrence and food consumption data to 
assess exposure to hazardous substances. It contains about 1 800 food descriptors (food codes) which 
                                                      
9 Suspect samples are samples taken repeatedly from the same site as a consequence of evidence or suspicion of (illegal) 
contamination. Suspect samples are usually taken as a follow-up of demonstrated non-compliance with legislation. 
10 See note 8 page 7 3-MCPD occurrence in food in Europe
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can be grouped according to the needs for a specific analysis (EFSA, 2011b). For the purpose of this 
data analysis, based on the FoodEx1 code and additional information present in the chemical 
occurrence database, the classification of the analytical results was revised and some ad-hoc food 
groups were created to allow a more detailed analysis of the results. 
The ad-hoc food group ‘Vegetable fats and oils’ was created, aggregating the FoodEx1 groups 
A.01.001362 ‘Vegetable fat’ and A.01.001367 ‘Vegetable oil’. Within the ad-hoc food group 
‘Vegetable fats and oils’, three further ad-hoc food groups were created: ‘Vegetable fats and oils 
refined’, ‘Vegetable fats and oils unrefined’ and ‘Vegetable fats and oils unspecified refining’. Within 
the FoodEx1 group A.01.001632 ‘Seasoning or extracts’ the ad-hoc group ‘Other seasoning products’ 
was created, to aggregate seasoning or extracts other than stock cubes. Within the FoodEx1 group 
A.01.001649 ‘Condiments’, the ad-hoc group ‘Other condiment sauces’ was created to aggregate 
condiments other than soy sauce. 
Some ad-hoc groups were created to classify occurrence data referred to specific food categories for 
which only FoodEx1 groups at less detailed level were available. Within the food group A.01.000876 
‘Fish and other seafood’ the ad-hoc group ‘Fish meat (smoked)’ was created, a sub-group of the 
FoodEx1 group A.01.000877 ‘Fish meat’ including only smoked fish meat. Within the food group 
A.01.000727 ‘Meat and meat products (including edible offal)’ the ad-hoc group ‘Preserved meat 
(smoked)’ was created, a sub-group of the FoodEx1 group A.01.000795 ‘Preserved meat’ including 
only smoked products. Within the FoodEx1 group A.01.001757 ‘Protein and amino acids 
supplements’ the ad-hoc group ‘Hydrolysed vegetable proteins’ was created. Within the FoodEx1 
group A.01.001789 ‘Composite food’ the ad-hoc group ’Beans and meat meal (to be reconstituted)’ 
was created, a sub-group of the FoodEx1 group A.01.001826 ‘Beans and meat meal’ including only 
dry products to be reconstituted; similarly, the ad-hoc group ‘Ready-to-eat soups (to be reconstituted)’ 
was created, a sub-group of the FoodEx1 group A.01.001856 ‘Ready-to-eat soups’ including only dry 
products to be reconstituted. The ad-hoc group ’Almonds, sweet (roasted)’ was created, a sub-group of 
the FoodEx1 group A.01.000514 ‘Almond, sweet (Prunus amygdalus dulcis)’ including only roasted 
products. An overview of the food groups used to analyse occurrence in this report is provided in 
Table B in the Appendix. 
During the revision of the classification, the analytical results were classified according the ad-hoc 
groups, when relevant. A total of 19 samples classified as ‘Chocolate (Cocoa) products’ were re-
classified as ‘Biscuits (cookies)’, based on the original food name. One analytical result reported as 
‘Animal and vegetable fats and oils’, without any further specification was found and removed 
because not comparable with the level of detail of the other results in the same food group. 
Additionally, 8 analytical results were classified in the FoodEx1 group ‘Other foods (foods which 
cannot be included in any other group)’; four of them had no further information on the nature of the 
samples, and were excluded because not sufficiently defined. The other four were from glycerol 
samples, all not quantified; they were excluded because outside the scope of the present report. 
Overall, in this step 9 out of the original 1306 analytical results were excluded. 
2.2.7.  Substances 
All analytical results corresponding to different food samples were reported as one of the forms of 3-
MCPD: 688 data (53% of the total) were reported as 3-MCPD (free), 455 data (35%) as 3-MCPD 
(from ester bounds) and 163 data (12%) as 3-MCPD (sum free and bound). Some 120 analytical 
results from 60 samples reported values for 3-MCPD (free) and 3-MCPD (from ester bounds) 
separately. The 60 samples pertained to the food groups ‘Animal and vegetable fats and oils’, ‘Bread 
and rolls’, ‘Fine bakery wares’ and ‘Food for infants and small children’. Only 9 (8 %) of these 120 
analytical results were quantified; all the quantified results corresponded to 3-MCPD (free). It was 
therefore not possible to obtain from these data a reliable estimation of the ratio of presence of the two 
forms in the respective food groups. For the purpose of data analysis, the sum of free and ester bound 
3-MCPD for these 60 samples was calculated as LB, MB and UB values and the 60 results for the sum 
replaced the original 120 results. In the cases where 3-MCPD (free) was quantified, the value was 3-MCPD occurrence in food in Europe
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summed with the relevant LB, MB or UB value for the LC result for the ester bound form. In the case 
where neither free nor ester bound was quantified, the relevant LB, MB or UB value for the LC result 
of both forms was summed.  
Some analytical results (N = 69) in the food group ‘Animal and vegetable fats and oils’ were reported 
as free 3-MCPD but showed relatively high concentrations and LC limits. The original data providers 
were requested for clarification but no explanation was received. Taking into account that in the case 
of fats and oils 3-MCPD is predominantly present in form of esters (Weisshaar, 2011) and that such 
values and LC limits are typically found when analysing 3-MCPD from ester bounds (Crews et al, 
2013; Karasek et al., 2010), these analytical results were assumed to be from ester bounds, as all the 
other results in the same food group. It was also assumed that in ‘Animal and vegetable fats and oils’ 
the analytical results reported as 3-MCPD from ester bounds represented the total amount of 3-MCPD 
in the respective sample. Similarly, for the analytical results in other food groups reported as 3-MCPD 
(free) or 3-MCPD (from ester bounds) it was also assumed that they represented the total amount of 3-
MCPD in the respective sample. The data analyses presented in this report therefore refer to total 3-
MCPD (simply referencing to 3-MCPD) and do not distinguish between free and ester bound 3-
MCPD. The choice of not making distinction between the different forms of 3-MCPD (i.e. free and 
ester bound) is supported by the fact that the oral bioavailability of 3-MCPD from ester bounds may 
be considered comparable to that of free 3-MCPD (BfR, 2007; EFSA, 2008; Abraham et al., 2013).  
2.2.8.  Reported analytical results 
The analytical results were expressed on different bases: whole weight (w.w.), 40 % dry matter, fat 
weight or dry matter. In order to report all the data as whole weight, conversions were applied: 
•  In the case of analytical results reported on 40 % dry matter, the values were divided by 40 
and multiplied by the dry matter of the sample expressed as a percentage 
(i.e. 100 - % of moisture); 
•  In the case of analytical results reported on dry matter, the values were divided by 100 and 
multiplied by the dry matter of the sample expressed as a percentage 
(i.e. 100 - % of moisture); 
•  In the case of analytical results reported on fat weight, the values were divided by 100 and 
multiplied by the fat content of the sample expressed as a percentage. 
2.2.9.  Recovery rates  
Commission Regulation (EC) No 333/2007 defines to apply for 3-MCPD in soy sauce and HVP 
methods of analysis with recovery rates in the range of 75-110 %. No prescription is on place for other 
food categories. Recovery rates were only reported for around 25 % of the data. In these cases, they 
were in the range of 75-100 %. In several Member States the data collection system on contaminants 
does not include information on recovery rates as it is expected to be in the recommended ranges. 
Although recovery rates were not reported for a majority of analytical results, no data were excluded 
based on this criterion.  
Analytical results were submitted to EFSA as corrected for recovery in 73 % of cases. The results 
were not corrected for recovery in 4 % of cases and the correction for recovery was unknown or not 
provided in the remaining 23 % of cases.  
2.3.  Statistical analysis 
All analyses were run using the SAS
® Statistical Software (SAS software, 1999). Frequency tables per 
sampling year, sampling country and food group were produced to describe the 3-MCPD data 
collection. Descriptive summary statistics of 3-MCPD concentrations were calculated per food group. 
The Guidance on the use of the Comprehensive food consumption database indicates that the 3-MCPD occurrence in food in Europe
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th percentile estimates obtained with less than 60 observations may not be statistically robust (EFSA, 
2011c) and therefore they should be considered with caution.  
2.4.  Food consumption 
During 2010, the EFSA Comprehensive European Food Consumption Database (Comprehensive 
Database) was built from existing national information on food consumption at a detailed level. 
Competent organisations in the European Union (EU) Member States provided EFSA with data from 
the most recent national dietary survey in their country at the level of consumption by the individual 
consumer. Survey results for children were mainly obtained through the EFSA Article 36 project 
“Individual food consumption data and exposure assessment studies for children” through the 
EXPOCHI consortium (Huybrechts et al., 2011). Results from a total of 32 different dietary surveys 
carried out in 22 different Member States covering more than 67 000 individuals are included in the 
Comprehensive Database (EFSA, 2011c). 
The data providers were asked to disaggregate industrially produced composite foods or home-made 
dishes into their main ingredients at a level that can be reported by the subjects. In the case of a 
sandwich with ham and butter, for example, it was requested to distinguish between the three 
components such as bread, ham and butter. For some countries, this task was automatically performed 
by means of standard recipes. Other data providers disaggregated composite foods to recipe 
ingredients on an ad-hoc basis. The importance of reporting detailed information concerning each 
single component was highlighted by EFSA. This is crucial in order to capture the consumption of 
ingredients, such as fats that can be consumed as such (as a condiment or spread) or ‘hidden’ in the 
recipe of a product, such as bread. Foods and beverages resulting from the disaggregation of 
composite foods or home-made dishes into ingredients were codified according to the FoodEx 
classification system by the data providers. Most Member State data providers provided disaggregated 
data for the majority of their composite foods with the exception of a few cases which represented less 
than 10% of the composite foods. in the respective survey. 
Although the food consumption data in the Comprehensive Database are the most complete and 
detailed currently available in the EU, it should be pointed out that different methodologies were used 
to collect the data and thus direct country-to-country comparisons should be done with caution. Only 
surveys covering more than one day (N = 26, that, considering the age classes, represent 64 population 
groups) and thus appropriate for calculating chronic exposure were selected as described in Table C in 
the Appendix. 
In the Comprehensive Database, individuals are categorised into seven age groups covering infants 
(< 1 year), toddlers (1 to < 3 years), other children (3 to < 10 years), adolescents (10 to < 18 years), 
adults (18 to < 65 years), elderly (65 to < 75 years) and the very elderly (≥ 75 years) (EFSA, 2011c). 
2.5.  Dietary exposure 
Food groups for which occurrence data was considered sufficient (N = 15) for a preliminary estimate 
of chronic dietary exposure (denoted by an asterisk in Table 5) were matched with the consumption of 
specific food groups in the food consumption dataset. As chemical occurrence, data were not available 
for some food groups potentially contributing to 3-MCPD intake (e.g. fat-containing cooked or grilled 
dishes), the exposure estimates may therefore be to some extent underestimated. 
Food groups (N  =  11) with only one or two analytical results were not included in the exposure 
assessment. Since the Comprehensive Database is currently coded according to FoodEx1, the ad-hoc 
food groups in Table 5 included in the exposure assessment were mapped to the relevant FoodEx1 
groups, as shown in Table D in the Appendix with the following assumptions: 
•  for ‘Ready-to-eat soups (to be reconstituted)’ the FoodEx1 group ‘Ready-to-eat soups’ was used 
for the consumption data, applying a dilution factor of 10 to the mean occurrence (found in 
products to be reconstituted); 3-MCPD occurrence in food in Europe
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•  for ‘Fish meat (smoked)’, only the fish species for which occurrence data on 3-MCPDs were 
reported in the chemical occurrence database were included in the exposure assessment (halibut, 
herring, salmon and trout and mackerel), with the conservative assumption that all the fish meat 
was smoked; 
•  for ‘Preserved meat (smoked)’, occurrence data were mapped to two FoodEx1 groups where 
smoked meat products may be commonly found:  ‘Preserved meat’ and ‘Sausages’. Both were 
included in the exposure assessment using the conservative assumption that all the food items in 
these food groups were smoked; 
•  for ‘Vegetable fats and oils (excluding walnut oil)’, the consumption data for the FoodEx1 groups 
‘Vegetable fat’ and all the sub-groups included in the group ‘Vegetable oil’ except ‘Walnut oil’ 
were used for the exposure assessment. 
Chronic dietary exposure (for the total population) was calculated by combining through the FoodEx1 
code food consumption data at individual level from the EFSA Comprehensive Database with LB, MB 
and UB mean occurrence calculated for the 15 food groups marked with an asterisk (*) in Table 5; for 
ad-hoc food groups, the mapping described in the previous paragraph was applied. The exposure in 
µg/kg b.w. per day was calculated taking into account the actual body weight of the subject for each 
individual subject included in the 64 population groups defined by the different age classes 
represented in the food consumption surveys listed in Table C in the Appendix. For each of these 
population groups, the distribution of exposure for all subjects was analysed and the mean and P95 
was calculated. The P95 was not reported when fewer than 60 subjects were included in the 
assessment based on the considerations done in section 2.3. 
The exposure ranges calculated in the different population groups from LB, MB and UB mean 
occurrence were substantially similar; therefore, the results are presented based on the MB mean 
occurrence only.  
The contribution of the different food groups to the total exposure in the population groups was also 
evaluated. The three food groups with the largest contribution to the mean exposure for each 
population group were identified and are reported in Table F in the Appendix with the percentage of 
contribution of each food group to the total exposure. 3-MCPD occurrence in food in Europe
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3.  RESULTS AND DISCUSSION 
3.1.  Analysis of the data from the EFSA chemical occurrence database 
The cleaned dataset, after applying the data management steps described in section 2 comprised 1 235 
analytical results. Overall, 71 results from the original 1  306 were removed: (1 outlier value not 
clarified, 1 duplicate entry, 9 results not sufficiently defined in terms of food classification and 60 due 
to the transformation of 120 results on 60 samples into the sum for each sample).  
3.1.1.  Overview of the cleaned data set 
An overview of the number of 3-MCPD analytical results per year and per country is provided in 
Table 1. Data were provided by the national competent authorities of 14 EU Member States with 
almost half of the data supplied by one country. The datasets might therefore not fully reflect the 
variability in ingredients and in food processing across Europe.  
Table 1:   Distribution of 3-MCPD analytical results per reporting country and sampling year.  
Country Sampling  year  Total 
 2009  2010  2011  N
(a) % 
Belgium  - -  132  132 11 
Cyprus  2 -  -  2  <  1 
Czech Republic  - 50  25  75  6 
Denmark  17 -  -  17  1.4 
Finland  60 35  -  95  8 
France  31 - 37  68  6 
Germany  204 169 286  659  53 
Greece  - -  15 15 1.2 
Ireland  - 18 1  19  1.5 
Latvia  7 -  -  7  <  1 
Lithuania  - - 4  4  <  1 
Luxembourg  - -  15 15 1.2 
Slovakia  33 31 36  100  8 
Spain  - 17  10  27  2 
Total  354 320 561  1  235  100 
(a): N = number of analytical results reported. 
 
Data were available for 11 food groups. Considering also the sub-groups of the 11 groups, a total of 45 
food groups were included in the present assessment. The frequency of reporting by food group, using 
the food groups described in Table B in the Appendix, is reported in Table 5.  
The food groups ‘Animal and vegetable fats and oils’ and ‘Herbs, spices and condiments’ are most 
frequently reported in the dataset. The latter group comprises soy sauces and other condiments 
including HVP-based sauces. These foods are more commonly analysed because of the existence of 
regulatory limits. The group of ‘Animal and vegetable fats and oils’ is monitored because of the 
possible high levels of 3-MCDPs esters (as reviewed in Crews et al., 2013). An additional group with 
a relatively high number of analytical results in the dataset is ‘Grains and grain-based products’. 
Different sampling strategies (as defined in the SSD
11 ) were reported and are summarised in Table 2. 
Most of the analytical results refer to ‘Objective sampling’ and ‘Selective sampling’. For 19 results the 
                                                      
11 Objective sampling = Strategy based on the selection of a random sample from a population on which the data are reported; 
Selective sampling = Strategy based on the selection of a random sample from a subpopulation (or more frequently from 
subpopulations) of a population on which the data are reported, .determined on a risk basis or not. The sampling from each 3-MCPD occurrence in food in Europe
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sampling strategy was not reported and two results refer to suspect sampling. The relatively higher 
number of results from selective sampling (more than half of the data) introduces the possibility that 
specific food groups likely to contain high levels of 3-MCPD are over-represented in the dataset with 
respect to others. 
Table 2:   Sampling strategy used to collect the samples that produced the analytical results in the 
present dataset. 
Sampling Strategy
(a) N
(b) %
(b) 
    
Not specified  19  2 
Objective sampling  558  45 
Selective sampling  656  53 
Suspect sampling  2  0 
    
Total 1  235  100 
(a):
 Defined in the specific catalogue of the SSD. 
(b): N = number of analytical results reported. The corresponding percentage is rounded to the nearest integer. 
 
3.1.2.  Analytical methods 
Different analytical methods were reported for the analyses of 3-MCPD. They are summarised in 
Table 3. The majority of samples (N = 860) was analysed with gas chromatography coupled with mass 
spectrometry, of which 17 used high resolution mass spectrometry (GC-HRMS); seven samples where 
analysed with a method based on high performance liquid chromatography (HPLC) and for 
368 samples the classification was not possible. 
Table 3:   Frequency of reporting of 3-MCPD using different analytical methods from 2009-2011 
sampling years. 
Reported analytical methods 
(a) N 
(b) %
(b) 
    
Classification not possible  368  30 
GC-HRMS   17  1 
GC-MS   843  68 
HPLC-ELSD   7  1 
    
Total 1  235  100 
(a):
  HPLC-ELSD = High-performance  liquid  chromatography-Evaporative Light Scattering Detector; GC-HRMS  =  Gas 
Chromatography Coupled with High Resolution Mass Spectrometry; GC-MS  =  Gas Chromatography Coupled with 
Mass Spectrometry; Classification not possible = Analytical method measuring principle is known, but could not be 
classified. 
(b): N = number of analytical results reported. The corresponding percentage is rounded to the nearest integer. 
 
A total of 1 220 analytical results were produced in accredited laboratories while for 15 results this 
information was not reported. However, information on the accreditation of the specific analytical 
method was not available for most of the analytical results (N = 1 055). The analytical results where 
the accreditation of the method was provided was reported as either ‘Internally validated’ (N = 37) or 
‘ISO/IEC17025’ (N = 143). 
                                                                                                                                                                      
 
 
subpopulation is not proportional: the sample size is proportionally bigger for instance in subpopulations considered at 
high risk; Suspect sampling = Selection of an individual product or establishment in order to confirm or reject a suspicion 
of non-conformity. It's a not random sampling. The data reported refer themselves to suspect units of the population.  3-MCPD occurrence in food in Europe
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Overall, the 3-MCPD dataset used for the assessment included 727 LC results, corresponding to 59 % 
of all the analytical results. The table summarising the occurrence of 3-MCPD across food groups 
(Table 5) also reports the percentage of LC results in each food group. 
The distribution of LC limits in the top level (most aggregated) food groups from Table B in the 
Appendix was evaluated and is shown in Table 4. The values of LC limits in Table 4 are the LODs for 
results reported as < LOD and the LOQs for results reported as < LOQ or quantified results. The 
quartiles are indicated where sufficient data were available. 
Table 4:   Distribution of LC limits (µg/kg) in the 3-MCPD dataset in aggregated food groups.  
 N
(c) min
(a) Quartiles
(a) (µg/kg)  max
(a) 
Food group      P25  P50  P75   
Almond, sweet (roasted)  1  10  -  -  -  10 
Animal and vegetable fats and oils  482  50  200  230  400  1 000 
Composite food  14  5  5  5  10  10 
Fish and other seafood  48  5  10  10  10  10 
Food for infants and small children  27  300  300  300  500  700 
Grains and grain-based products  139  5  10  10  300  300 
Herbs, spices and condiments  501  1  5  5  10  450 
Meat and meat products (including edible offal)
(b) 7 - -  -  -  - 
Potatoes and potatoes products  1  450  -  -  -  450 
Products for special nutritional use  1  10  -  -  -  10 
Protein and amino acids supplements  14  10  10  10  10  10 
(a): min  =  minimum reported value for the LC limit; max  =  maximum reported value for the LC limit; P25, P50, 
P75 = quartiles (25
th, 50
th and 75
th percentile) of the distribution of reported LC limits. The Guidance on the use of the 
Comprehensive food consumption database indicates that the 95th percentile estimates obtained with less than 60 
observations may not be statistically robust (EFSA, 2011c). Applying the same rationale to evaluate other percentiles, 
the minimum number of observations for the 75
th (and the 25
th) percentile is 11 and for the median (50th percentile) is 6. 
(b): All results in this group were quantified and no LC limit was provided. 
(c): N = Number of results. 
 
A broad range of LC limits is observed in the dataset and in some cases even within the same food 
group. Differences in food matrices and analytical methods may provide a reason for this variability. 
In particular, as indicated previously, LOD and LOQ are defined in Commission Regulation (EC) No 
333/2007 (5 and 10 µg/kg, respectively) for some food groups, but these values are not applicable to 
all food groups. The Institute for Reference Materials and Measurements (IRMM) of the European 
Commission’s Joint Research Centre (JRC) on request by the Directorate General Health and 
Consumers (DG SANCO) organised in 2009 a proficiency test on the determination of 3-MCPD esters 
in edible oils. In the 2010 final report, the method performance characteristics are summarised 
(Karasek et al., 2010). In particular, the LOQs range from 100 to 1 200 µg/kg, with the large majority 
of the laboratories reporting values less than 500 µg/kg. In the present analysis, the maximum reported 
LOQ for analysis of 3-MCPD (from ester bounds) is 1 000 µg/kg. 
The variability in LC limits contributes to the uncertainty in the UB and MB estimates of the 
occurrence. In particular, ‘Animal and vegetable fats and oils’ and to a lesser extent ‘Herbs, spices and 
condiments’ and ‘Grains and grain-based products’ show a broad range of LC limits some of which 
are high values. For these three food groups, when evaluating the estimated mean occurrence (MB 
mean) the comparison of values calculated in the LB and UB scenarios should be considered. 
3.1.3.  Occurrence of 3-MCPD in food 
The occurrence of 3-MCPD in the different food groups is described in Table 5. Mean and 95
th 
percentile of concentrations (µg/kg) of 3-MCPD across the food groups defined in Table B in the 3-MCPD occurrence in food in Europe
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Appendix are presented. For each statistic, three values are reported, when not coincident: the MB 
mean concentration as the best estimate and the LB and UB mean concentrations expressed as a range 
[MB (LB - UB)]. Additionally, the number of analytical results and the percentage of LC values in 
each food group are given. When the number of data is not sufficient to calculate robust statistical 
descriptors as explained in section 2.3, the 95
th percentile (P95) is not reported. 
3.1.3.1.  Animal and vegetable fats and oils 
High mean occurrence values [MB (LB – UB)] are observed in the group ‘Animal and vegetable fats 
and oils’ [1 020 (960 – 1 090) µg/kg] and in its sub-groups. The highest mean occurrence within the 
group ‘Animal and vegetable fats and oils’ is found in ‘Margarine and similar products’ 
[1 500 (1 480 – 1 530) µg/kg] and in ‘Fats of mixed origin’ [1 230 (1 170 - 1 290) µg/kg], while the 
group ‘Vegetable fats and oils’ shows a lower occurrence level than the previous two [820 (740 -
 890) µg/kg]. 
Based on the information provided together with the analytical results, it was possible to define within 
‘Vegetable fats and oils’ three different groups, with different mean occurrence values: ‘Vegetable fats 
and oils refined’ [530 (460 - 600) µg/kg], ‘Vegetable fats and oils unrefined’ [250 (190 - 300) µg/kg] 
and ‘Vegetable fats and oils unspecified refining’ [910 (820 - 990) µg/kg]. The role of the refinement 
processes in generating 3-MCPD is well known (Larsen, 2010). This explains why the refined fats and 
oils have a higher mean occurrence value than the unrefined oils. The mean occurrence of 3-MCPD in 
the food group ‘Vegetable fats and oils unspecified refining’ for which no information about refining 
was provided was expected to be lower than the mean occurrence of 3-MCPD found in refined oils 
because it was considered likely that the former food group would include both refined and unrefined 
oils. However, the mean occurrence value for ‘Vegetable fats and oils unspecified refining’ was 
considerably higher than the mean occurrence in refined oils. This was related to the presence of 26 
analytical results on ‘Walnut oil’, almost all quantified and with relatively high values. Two additional 
walnut oil results were present in the group of ‘Vegetable fats and oils unrefined’, of which one was 
not detected and the other was reported at the LOQ. 
The analysis of occurrence for the food group ‘Vegetable fats and oils’ was then repeated excluding 
Walnut oil from the other food groups and evaluating it separately. This analysis is reported at the 
bottom of Table 5. The group ‘Walnut oil’ has a mean value of 4 750 (4 740 - 4 750) µg/kg. The group 
‘Vegetable fats and oils (excluding walnut oil)’ has a mean 3-MCPD occurrence of 430  (350  -
 520) µg/kg. Within this group, the mean occurrence values are as follows: 
•  For ‘Vegetable fats and oils refined’ the occurrence is the same as in the first analysis 
[530 (460 - 600) µg/kg], since no results for walnut oil were included in this group; 
•  For ‘Vegetable fats and oils unrefined (excluding walnut oil)’, the mean occurrence is 
250 (200 - 310) µg/kg; the presence of high levels of 3-MCPD in ‘Vegetable oil unrefined’ may 
be explained by steps other than refinement involving heat treatment; 
•  For ‘Vegetable fats and oils unspecified refining (excluding walnut oil)’, the mean occurrence is 
450 (350 - 540) µg/kg. This value is consistent with the assumption that this group includes both 
refined and unrefined fats and oils. 
Overall, the mean occurrence values found in the food group ‘Animal and vegetable fats and oils’ and 
in its sub-groups are in line with the range of values published in recent years for the 3-MCPD (from 
ester bounds), as reviewed by Crews et al. (2013) and presented in Table A in the Appendix. 
3.1.3.2.  Grain and grain-based products 
The food group ‘Grains and grain-based products’, mostly including cereal-based baked products has 
mean 3-MCPD occurrence of 33 (26 - 39) µg/kg. This value is aligned with the values reported for 
Bread in Table B in the Appendix and lower than some other values in the class ‘Cereals’ in the same 3-MCPD occurrence in food in Europe
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table. However, variability is expected in 3-MCPD occurrence in the food group ‘Grains and grain-
based products’ because of the differences in ingredients and process technologies. 
3.1.3.3.  Smoked fish and meat 
For ‘Fish meat (smoked)’ the mean occurrence is 37 (36 - 37) µg/kg; similarly, for ‘Preserved meat 
(smoked)’ it is 47  µg/kg (with no difference between LB, MB and UB because all results were 
quantified). This confirms the findings on formation of 3-MCPD (both free and ester bound) in 
smoked products, as summarised in Reece (2005). 
3.1.3.4.  Other food groups 
Few analytical results on ‘Composite food’ to be reconstituted were reported and the mean occurrence 
level is less than 10 µg/kg. A mean 3-MCPD occurrence below 10 µg/kg is also found in ‘Herbs, 
spices and condiments’ [9.2 (6 - 12) µg/kg]. Within the food group ‘Herbs, spices and condiments’, 
two sub-groups show higher mean occurrence levels than the others: ‘Dressings’ [120  (110  -
 140) µg/kg] and ‘Mixed spices’ [25 (23 - 26) µg/kg]. In the case of ‘Dressings’ the presence of fats 
and oils in the composition might explain the observed occurrence level. 
For some food groups only one or two analytical results were reported: this is the case for ‘Infant 
formulae, powder’ (300 µg/kg, N = 1), ‘Follow-on formulae, powder’ (800 and 1 200 µg/kg, N = 2) 
and ‘Potatoes and potato products’ (390 µg/kg, N = 1). Given the limited data, it is not possible to 
draw conclusions, but considering that similar values on 3-MCPD (from ester bounds) have been 
published previously (Zelinková et al., 2009a, 2009b; FSA, 2010; Weisshar, 2011) they warrant 
attention in future monitoring. 
The present data do not include ready-to-eat cooked fat-containing dishes. The possible formation of 
3-MCPD during the final preparation for consumption of food (e.g. frying, baking and other thermal 
treatment) is therefore not captured in this assessment. 
3.1.3.5.  General remarks on occurrence 
Overall, the mean 3-MCPD occurrence found in the different food groups included in this analysis is 
in line with the results published (particularly on 3-MCPD esters) in recent years and shows 3-MCPD 
levels in the order of magnitude of 10
2 or in some cases even 10
3 µg/kg in the food group ‘Animal and 
vegetable fats and oils’. Occurrence values of the same order of magnitude are observed also in infant 
and follow-on formulas (powder) as well as potatoes and potato products, although based on very 
limited data (N = 3 and 1, respectively). Occurrence levels by roughly one order of magnitude lower 
than fats and oils were found in several food groups. Depending on the amounts consumed, these food 
groups may also provide a relevant contribution to the dietary exposure to 3-MCPD. 
A general remark on this occurrence dataset is that the number of analytical results per food group 
varies largely across food groups. For each of the food groups ‘Animal and vegetable fats and oils’ 
and ‘Herbs, spices and condiments’ about 500 results are present in the database while almost 140 
results are reported for ‘Grains and grain-based products’. A much lower number of results is reported 
for other food groups, such as ‘Composite food’ (14 results) and ‘Meat and meat products (including 
edible offal)’ (7 results). In these cases, sub-groups potentially contributing to the occurrence of 3-
MCPD in the food chain may not be well represented.  
Finally, in groups like for example ‘Grains and grain-based products’ some analytical results are 
obtained with analytical methods with LC limits in the same order of magnitude as the mean 
occurrence in the food group or even higher than it. The availability of standard analytical methods 
with adequate performance parameters, in particular the LC limits would reduce the uncertainty in 
occurrence and exposure estimates. In order to define the adequate levels for LOD and LOQ, the 
consumption patterns in the different food groups and the health-based guidance values for 3-MCPD 
should be taken into account. 
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3.2.  Preliminary assessment of dietary exposure to 3-MCPD 
The mean and P95 of chronic dietary exposure based on the mean MB occurrence for selected food 
groups in Table 5 are reported by population group in Table E in the Appendix. Most of the mean 
exposure values in all population groups are below 1 µg/kg b.w. per day (60 out of 64 groups, 
corresponding to 94 %). Two surveys for ‘Toddlers’ and two for ‘Other children’ show mean exposure 
between 1 and 1.5 µg/kg b.w. per day. 
In the case of ‘high consumers’ (P95 of exposure), approximately half of the population groups (30 
groups out of 64 corresponding to 47 %) show exposure below 1 µg/kg b.w. per day, while 26 groups 
(41 %) are between 1 and 2 µg/kg b.w. per day. Eight population groups (12 %) have P95 of exposure 
between 2 and 3 µg/kg b.w. per day. Three of them are surveys on ‘Other children’, three on 
‘Toddlers’, one on ‘Elderly and one on ‘Very elderly’. 
‘Margarine and similar products’ appears among the top three contributors to 3-MCPD exposure in 47 
population groups out of 64 (73 %), with a contribution to the total exposure in the range 13-83 %; 
‘Bread and rolls’ in 55 population groups (86 %), with a contribution to the total exposure in the range 
6-26  %; ‘Vegetable fats and oils (excluding walnut oil)’ in 34 population groups (53  %), with a 
contribution to the total exposure in the range 5-74 %; ‘Fine bakery wares’ in 30 population groups 
(47 %) with a contribution to the total exposure in the range 4-29 %; ‘Preserved meat (smoked)’ in 17 
population groups (27 %) with a contribution to the total exposure in the range 3-18 %. It is notable 
that notwithstanding the conservative assumptions made, ‘Preserved meat (smoked)’ provided a 
smaller contribution to the chronic dietary exposure, not reaching 20% of total exposure in any 
population group. 
In particular, ‘Margarine and similar products’ is the main contributor to the exposure in 45 population 
groups (70 %) and ‘Vegetable fats and oils (excluding walnut oil)’ is the main contributor to the 
exposure in 18 population groups (28 %). 
3.3.  Uncertainties 
A qualitative evaluation of the inherent uncertainties in the assessment of occurrence and dietary 
exposure to 3-MCPD was performed in accordance with the guidance of the Opinion of the Scientific 
Committee related to Uncertainties in the Dietary Exposure Assessment (EFSA, 2007). The main 
uncertainties identified which may influence occurrence and exposure estimates are summarised in 
Table 6.  
Some uncertainties tend to overestimate the dietary exposure. The relatively high proportion of 
analytical results from selective sampling (more than half of the results) may overestimate dietary 
exposure. Some analytical methods may lead to formation of artefact 3-MCPD during the analytical 
process. In this case, reported occurrence levels would appear higher than actual levels. The presence 
of high LC limits may also overestimate the occurrence levels in the MB or UB scenarios applied to 
left-censored data. With respect to the estimate of exposure, the use of occurrence data from only 
some types of food within a broader food group may lead to an overestimation of the exposure. This is 
the case for meat from some fish species, preserved meat and sausages, where the occurrence data 
found in smoked products have been used for the whole food group. 
Other uncertainties tend to underestimate the dietary exposure. In the dataset there is a lack of 
analytical results on various food groups potentially contaminated by 3-MCPD, including fat-
containing composites and dishes that are thermally treated before consumption; in the absence of 
analytical results these food groups were not included in the exposure assessment, thus potentially 
leading to an underestimation of dietary exposure. The assumption that all the results represent the 
total 3-MCPD content in the respective samples may lead to an underestimation of the occurrence and 
exposure. 3-MCPD occurrence in food in Europe
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A number of other uncertainties listed in Table 6, mostly related to the data, may be in the direction of 
underestimating or overestimating the dietary exposure on a case by case basis. 
Table 6:   Summary of qualitative evaluation of the impact of uncertainties on the assessment of 
occurrence and exposure for 3-MCPD. 
Sources of uncertainty 
Direction and 
magnitude of 
uncertainty on the 
dietary exposure 
estimates* 
Occurrence data   
Few countries reporting data, with half of the analytical results coming from a single 
country; the occurrence data may therefore not reflect the situation in all countries. 
+/- 
Sampling strategy: about half of the analytical results refer to selective sampling; 
food groups containing high values may therefore be over-represented. 
+ 
Possible formation of artefact 3-MCPD during the analytical process.  ++ 
High LC limits may overestimate the MB or UB occurrence levels in the case of left-
censored results. 
+ 
Uncertainty in the reported fat or moisture contents in the case of analytical results 
not reported on a whole weight basis. 
+/- 
Uncertainty related to the estimate of recovery and the correction of analytical results 
for recovery. 
+/- 
Sampling uncertainty related to the low number of samples reported in some food 
groups. 
+/- 
Uncertainty with respect to the assumption that all analytical results refer to total 3-
MCPD in the respective samples. 
- 
Uncertainty in assigning the analytical results to food groups, due to poor 
information reported. 
+/- 
Representativeness of sampled foods as consumed foods.  +/- 
Food consumption data   
Dietary data in the Comprehensive Database have been collected by means of 
different study designs, methodologies and protocols which could bias their results in 
a different way for each survey. 
In particular, the following parameters may affect the accuracy of the exposure 
estimates: the dietary assessment method used, the description and codification of 
the food consumed, the number of days per subject, the sampling design and sample 
size, the management of under-reporters, the quantification of portion sizes, the 
software applications used and the non-dietary information collected, such as 
individual body weights. Furthermore, in some countries, data provided to EFSA 
came from relatively old national dietary surveys. 
+/- 
Dietary exposure   
Estimate of exposure from a limited number of food groups. In particular, occurrence 
data from some food groups potentially containing 3-MCPD are not present in the 
dataset (e.g. fried or grilled foods. This may lead to underestimation of exposure. 
-/-- 
Use of occurrence data from only some types of food inside a food group to estimate 
the exposure from the whole food group may under- or overestimate exposure. In 
particular, the use of occurrence data specific for smoked products in meat and fish 
product food groups is a source of overestimation. 
++/- 
* Key to direction and magnitude:  
+, ++ = uncertainty likely to cause a small or medium over-estimation of exposure, respectively. 
-, - - = uncertainty likely to cause a small or medium under-estimation of exposure, respectively. 
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CONCLUSIONS AND RECOMMENDATIONS 
CONCLUSIONS 
Data on occurrence of 3-MCPD in food from 14 Member States for the years 2009-2011 were 
evaluated. All analytical results were assumed to represent the total 3-MCPD content of the samples 
analysed. No distinction was made between the 3-MCPD present as free substance and that released 
from esters, based on the assumption of similar bioavailability. 
The proportion of left censored (LC) results (analytical results provided as not detected or not 
quantified) was 59 % and the LC limits (limit of detection or limit of quantification) were in the range 
1-1  000  µg/kg. To take this into account, the mean occurrence of 3-MCPD from LC data in the 
different food groups was calculated as lower bound (LB), middle bound (MB) and upper bound (UB) 
scenarios and presented as best estimate and range: MB (LB-UB).Within the food group ‘Animal and 
vegetable fats and oils’, mean MB (LB-UB) occurrence of 3-MCPD was 1 500 (1 480 - 1 530) µg/kg 
in ‘Margarine and similar products’, 1 230 (1 170 - 1 290) µg/kg in ‘Fats of mixed origin’, 430 (350 -
  520)  µg/kg in ‘Vegetable fats and oils (excluding  walnut  oil)’ and  4 750 (4 740 - 4 750) µg/kg  in 
‘Walnut oil’. 
Mean MB (LB-UB) 3-MCPD occurrence in the food group ‘Grains and grain-based products’, which 
primarily included ’Bread and rolls’ and ‘Fine bakery wares’ was 33 (26 - 39) µg/kg, while mean MB 
(LB-UB) occurrence of 3-MCPD was 37  (36  -  37)  µg/kg in ‘Fish meat (smoked)’, 120  (110  -
 140) µg/kg in the food group ‘Dressings’ and 25 (23 - 26) µg/kg in the food group ‘Mixed spices’. 
Mean occurrence of 3-MCPD in ‘Preserved meat (smoked)’ was 47  µg/kg (0% LC data). Mean 
occurrence in other food groups was generally below 10 µg/kg. High values were reported in food 
groups not well represented in the dataset: ‘Infant formulae, powder’ (300 µg/kg; N = 1), ‘Follow-on 
formulae, powder’ (800 and 1200  µg/kg; N  =  2) and ‘Potatoes and potato products’ (390  µg/kg; 
N = 1). 
The mean and 95
th percentile (total population) chronic dietary exposure to 3-MCPD of the different 
age classes across European surveys was estimated based on the mean MB occurrence in 15 food 
groups. Food groups (N  =  11) with too few analytical results (one or two results only) were not 
considered in the exposure assessment. For the majority of population groups mean dietary exposure 
to 3-MCPD was below 1 µg/kg b.w. per day (60 out of 64 population groups). In two dietary surveys 
on ‘Toddlers’ and two on ‘Other children’ mean dietary exposure was between 1 and 1.5 µg/kg b.w. 
per day. In the case of high consumers, P95 dietary exposure was below 1 µg/kg b.w. per day in 
approximately half of the population groups (30 groups out of 64 corresponding to 47 %), while it was 
between 1 and 2 µg/kg b.w. per day in 26 population groups. In eight population groups P95 exposure 
was between 2 and 3 µg/kg b.w. per day. Three were from surveys on ‘Other children’, three on 
‘Toddlers’, one on ‘Elderly’ and one on ‘Very elderly’. 
The contribution of individual food groups to the overall mean exposure in the different population 
groups was evaluated: ‘Margarine and similar products’ and ‘Vegetable fats and oils (excluding 
walnut oil)’ were the major contributors to total dietary exposure across the population groups, 
followed by ‘Bread and rolls’, ‘Fine bakery wares’ and ‘Preserved meat (smoked)’.  
RECOMMENDATIONS 
It is recommended to further develop and establish standard analytical methods for analysing 3-MCPD 
in its different forms with adequate performance parameters, in particular the LC limits. This would 
reduce the uncertainty in occurrence and exposure estimates. In order to define adequate levels for 
LOD and LOQ, consumption patterns in the different food groups and the health-based guidance value 
for 3-MCPD should be taken into account. 
Specific requirements for reporting 3-MCPD data to EFSA should be updated and communicated to 
the Member States in order to set as mandatory the information on the type of 3-MCPD analysis (with 
or without hydrolysis). This information was already included in the templates for 3-MCPD esters 3-MCPD occurrence in food in Europe
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published in 2010 (EFSA, 2010) but was actually not reported. Additionally, it should be always 
specified whether the analytical result represents the best estimate of the total 3-MCPD in each food 
sample or is only a part of the total content. 
It is recommended to identify and include in the data collection additional food groups such as fried, 
baked or other otherwise thermally treated fat-containing food, not covered in the present dataset and 
potentially containing 3-MCPD (including composite foods). 
All data providers, including research organisations and food business operators in addition to the 
official food control organisations, are encouraged to contribute to the European chemical occurrence 
database with analytical results from random sampling and of high quality, suitable for providing -
besides compliance - a robust dataset for risk assessment purposes. 
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i
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c
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á
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R
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c
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á
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.
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c
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.
 
(
2
0
0
7
)
 
 
O
i
l
s
 
a
n
d
 
f
a
t
s
 
R
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(
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y
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C
-
I
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5
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l
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d
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g
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i
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n
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l
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n
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u
b
l
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t
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i
l
s
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n
d
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a
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s
 
R
e
f
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n
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d
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e
g
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t
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b
l
e
 
o
i
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l
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l
i
/
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K
u
h
l
m
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(
2
0
1
1
a
)
 
 
O
i
l
s
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n
d
 
f
a
t
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R
e
f
i
n
e
d
 
h
a
z
e
l
n
u
t
/
w
a
l
n
u
t
 
o
i
l
 
A
l
k
a
l
i
/
B
r
-
 
6
 
1
.
2
-
1
9
.
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K
u
h
l
m
a
n
n
 
(
2
0
1
1
a
)
 
 
O
i
l
s
 
a
n
d
 
f
a
t
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R
e
f
i
n
e
d
 
o
l
i
v
e
 
o
i
l
 
A
c
i
d
 
c
l
e
a
v
a
g
e
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6
2
 
O
l
i
v
e
 
o
i
l
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n
d
 
o
l
i
v
e
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o
m
a
c
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o
i
l
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e
l
i
n
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o
v
á
 
e
t
 
a
l
.
 
(
2
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0
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)
 
 
O
i
l
s
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n
d
 
f
a
t
s
 
R
e
f
i
n
e
d
 
p
a
l
m
 
o
i
l
 
A
l
k
a
l
i
/
B
r
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2
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1
0
.
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K
u
h
l
m
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n
n
 
(
2
0
1
1
a
)
 
 
O
i
l
s
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n
d
 
f
a
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R
e
f
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d
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l
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c
i
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c
l
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v
a
g
e
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Z
e
l
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v
á
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t
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l
.
 
(
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)
 
O
i
l
s
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n
d
 
f
a
t
s
 
R
e
f
i
n
e
d
 
s
e
e
d
 
o
i
l
s
 
A
l
k
a
l
i
/
B
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-
 
1
5
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1
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K
u
h
l
m
a
n
n
 
(
2
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1
1
a
)
 
 
O
i
l
s
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n
d
 
f
a
t
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R
e
f
i
n
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d
 
s
a
l
m
o
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o
i
l
 
A
l
k
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l
i
/
B
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-
 
7
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7
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1
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.
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K
u
h
l
m
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n
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(
2
0
1
1
a
)
 
 
O
i
l
s
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d
 
f
a
t
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R
e
f
i
n
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d
 
v
e
g
e
t
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b
l
e
 
f
a
t
s
/
o
i
l
s
 
A
c
i
d
 
c
l
e
a
v
a
g
e
 
1
1
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.
8
9
7
-
2
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4
3
5
 
D
i
f
f
e
r
e
n
t
i
a
t
i
o
n
 
m
o
n
o
-
e
s
t
e
r
/
d
i
-
e
s
t
e
r
 
S
e
e
f
e
l
d
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t
 
a
l
.
 
(
2
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0
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)
 
 
O
i
l
s
 
a
n
d
 
f
a
t
s
 
U
n
r
e
f
i
n
e
d
 
o
i
l
s
 
A
l
k
a
l
i
/
B
r
-
 
>
 
2
0
 
<
 
0
.
0
5
 
 
K
u
h
l
m
a
n
n
 
(
2
0
1
1
a
)
 
 
O
i
l
s
 
a
n
d
 
f
a
t
s
 
U
n
r
e
f
i
n
e
d
 
v
e
g
e
t
a
b
l
e
 
o
i
l
s
 
D
G
F
 
C
-
I
I
I
 
1
8
(
0
9
)
 
1
2
2
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0
.
1
5
-
0
.
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1
 
 
W
e
i
s
s
h
a
a
r
 
(
2
0
1
1
)
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i
n
c
l
u
d
i
n
g
 
a
d
d
i
t
i
o
n
a
l
 
u
n
p
u
b
l
i
s
h
e
d
 
d
a
t
a
 
O
i
l
s
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n
d
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a
t
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V
e
g
e
t
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b
l
e
 
o
i
l
s
 
D
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r
e
c
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C
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O
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H
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n
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.
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r
g
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c
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d
 
c
l
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v
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l
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.
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i
l
s
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s
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e
f
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n
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n
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n
r
e
f
i
n
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e
d
i
b
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o
i
l
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S
C
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C
-
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i
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.
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c
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c
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.
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A
g
g
r
e
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a
t
e
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o
o
d
 
g
r
o
u
p
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s
e
d
 
i
n
 
t
h
e
 
r
e
v
i
e
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f
r
o
m
 
w
h
i
c
h
 
t
h
i
s
 
t
a
b
l
e
 
w
a
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a
d
a
p
t
e
d
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(
b
)
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S
p
e
c
i
f
i
c
 
f
o
o
d
 
g
r
o
u
p
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s
e
d
 
i
n
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h
e
 
r
e
v
i
e
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f
r
o
m
 
w
h
i
c
h
 
t
h
i
s
 
t
a
b
l
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w
a
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d
a
p
t
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(
c
)
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n
a
l
y
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i
c
a
l
 
m
e
t
h
o
d
 
a
d
o
p
t
e
d
 
i
n
 
t
h
e
 
s
p
e
c
i
f
i
c
 
s
t
u
d
y
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d
)
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n
u
m
b
e
r
 
o
f
 
s
a
m
p
l
e
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a
n
a
l
y
s
e
d
 
i
n
 
t
h
e
 
s
p
e
c
i
f
i
c
 
s
t
u
d
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:
 
R
a
n
g
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r
a
n
g
e
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n
a
l
y
t
i
c
a
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l
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n
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r
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c
t
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o
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o
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p
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)
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c
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l
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l
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p
r
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e
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h
e
r
e
 
t
h
e
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r
o
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p
s
 
c
o
r
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e
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p
o
n
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o
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d
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Table D.  FoodEx1 food codes and corresponding food groups used in the dietary exposure 
assessment of 3-MCPD. 
    
Food group
 (a) FoodEx1  code
(b) 
FoodEx1 name
(c) 
Fats of mixed origin  A.01.001388  Fats of mixed origin 
Margarine and similar products  A.01.001389  Margarine and similar products 
Vegetable fats and oils (excluding walnut oil)
(d) A.01.001362  Vegetable  fat 
 A.01.001368  Almond  oil 
 A.01.001369  Coconut  oil 
 A.01.001370  Corn  oil 
 A.01.001371  Cottonseed  oil 
 A.01.001372  Grape  seed  oil 
 A.01.001373  Linseed  oil 
 A.01.001374  Oil,  frying,  blend 
 A.01.001375  Olive  oil 
  A.01.001376  Palm kernel oil 
 A.01.001377  Palm  oil 
 A.01.001378  Peanut  oil 
 A.01.001379  Pumpkinseed  oil 
 A.01.001380  Rapeseed  oil 
 A.01.001381  Safflower  oil 
 A.01.001382  Sesame  oil 
 A.01.001383  Soybean  oil 
 A.01.001384  Sunflower  oil 
 A.01.001385  Thistle  oil 
 A.01.001387  Wheat  germ  oil 
Walnut oil  A.01.001386  Walnut oil 
Ready-to-eat soups (to be reconstituted)  A.01.001856  Ready-to-eat soups (applying a dilution 
factor of 10) 
Fish meat (smoked)  A.01.000897  Halibut (Hippoglossus spp.) 
 A.01.000878  Herring  (Clupea) 
  A.01.000883  Salmon and trout (Salmo spp.) 
 A.01.000890  Mackerel  (Scomber) 
Ready-to-eat meal for infants and young 
children 
A.01.001733  Ready-to-eat meal for infants and young 
children 
Bread and rolls  A.01.000098  Bread and rolls 
Fine bakery wares  A.01.000252  Fine bakery wares 
Condiments A.01.001649  Condiments 
Dressings A.01.001665  Dressings 
Herb and spice mixtures  A.01.001625  Herb and spice mixtures 
Seasoning or extracts  A.01.001632  Seasoning or extracts 
Preserved meat (smoked)
 (e) A.01.000795  Preserved  meat 
 A.01.000811  Sausages 
Protein and amino acids supplements  A.01.001757  Protein and amino acids supplements 
(a): Food groups used in the occurrence analysis (see table B in the Appendix); 
(b): Code of the FoodEx1 food group to which the mean occurrence values have been imputed for the exposure calculation; 
in the case of ad-hoc food groups, all the FoodEx1 groups considered to be relevant have been included; 
(c): Name of the FoodEx1 group; 
(d): For ‘Vegetable fats and oils (excluding walnut oil)’, ‘Vegetable fat’ and all FoodEx1 sub-groups of ‘Vegetable oil’ 
excluding ‘Walnut oil’ were used; 
(e): ‘Preserved meat (smoked)’ was matched with ‘Preserved meat’ and also with ‘Sausages’, as a conservative scenario 
considering that both groups include various smoked meat products. 
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Table E.  Mean and 95
th Percentile (P95) of the chronic dietary exposure to 3-MCPD (µg/kg b.w. 
per day) in the different population groups (defined by age class and dietary survey); the exposure is 
based on the MB mean occurrence in the food groups used for this analysis. 
      Exposure (µg/kg b.w. per day)
Age class
 (a) Country
 (b) Survey
 (c) 
N of 
subjects
 
(d) 
Mean 
exposure 
P95
 (e) of 
exposure 
Infants Bulgaria  NUTRICHILD  860  0.32  0.86 
Infants Italy  INRAN_SCAI_2005_06  16  0.42 - 
Toddlers Belgium  Regional_Flanders  36  1.09  - 
Toddlers Bulgaria  NUTRICHILD  428 0.80 1.66 
Toddlers Germany  DONALD_2006_2008  261 0.66 1.44 
Toddlers Spain  enKid  17  0.53  - 
Toddlers Finland  DIPP  497 0.69 2.05 
Toddlers Italy  INRAN_SCAI_2005_06  36  0.69  - 
Toddlers Netherlands  VCP_kids  322 1.40 2.83 
Other children  Belgium  Regional_Flanders  625  0.95  2.26 
Other children  Bulgaria  NUTRICHILD  433  0.89  1.71 
Other children  Czech Republic SISP04  389  0.47  1.29 
Other children  Germany  DONALD_2006_2008  660  0.48  1.22 
Other children  Denmark  Danish_Dietary_Survey  490  0.97  1.87 
Other children  Spain  NUT_INK05  399  0.55  0.99 
Other children  Spain  enKid  156  0.59  1.23 
Other children  Finland  DIPP  933  1.43  2.90 
Other children  Finland  STRIP  250  0.81  1.59 
Other children  France  INCA2  482  0.60  1.41 
Other children  Greece  Regional_Crete 839  0.36  0.79 
Other children  Italy  INRAN_SCAI_2005_06  193  0.68  1.20 
Other children  Latvia  EFSA_TEST  189  0.31  0.92 
Other children  Netherlands  VCP_kids  957  1.21  2.51 
Other children  Sweden  NFA  1 473 0.86  1.83 
Adolescents Belgium  Diet_National_2004  584  0.41  1.19 
Adolescents Cyprus  Childhealth  303  0.19  0.46 
Adolescents Czech  Republic SISP04  298  0.34  0.89 
Adolescents Germany  National_Nutrition_Survey_II  1 011 0.31  0.95 
Adolescents Denmark  Danish_Dietary_Survey  479  0.54  1.07 
Adolescents Spain  enKid  209  0.42  1.00 
Adolescents Spain  AESAN_FIAB  86  0.34  0.61 
Adolescents Spain  NUT_INK05  651  0.38  0.67 
Adolescents France  INCA2  973  0.30  0.67 
Adolescents Italy  INRAN_SCAI_2005_06  247  0.41  0.68 
Adolescents Latvia  EFSA_TEST  470  0.28  0.86 
Adolescents Sweden  NFA  1 018 0.49  1.05 
Adults Belgium  Diet_National_2004  1 304 0.49  1.61 
Adults Czech  Republic  SISP04  1 666 0.23  0.62 
Adults Germany  National_Nutrition_Survey_II  10 419 0.30  0.88 
Adults Denmark  Danish_Dietary_Survey  2 822 0.39  0.76 
Adults Spain  AESAN_FIAB  981  0.34  0.62 
Adults Spain  AESAN  410  0.32  0.61 
Adults Finland  FINDIET_2007  1 575 0.57  1.38 
Adults France  INCA2  2 276 0.26  0.61 
Adults United  Kingdom  NDNS  1 724 0.28  0.70 
Adults Hungary  National_Repr_Surv  1 074 0.48  1.00 
Adults Ireland  NSIFCS  958  0.53  1.30 
Adults Italy  INRAN_SCAI_2005_06  2 313 0.30  0.49 
Adults Latvia  EFSA_TEST  1 306 0.18  0.53 
Adults Netherlands  DNFCS_2003  750  0.54  1.27 
Adults Sweden  Riksmaten_1997_98  1 210 0.44  1.06 3-MCPD occurrence in food in Europe
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      Exposure (µg/kg b.w. per day)
Age class
 (a) Country
 (b) Survey
 (c) 
N of 
subjects
 
(d) 
Mean 
exposure 
P95
 (e) of 
exposure 
Elderly Belgium  Diet_National_2004  518  0.69  2.09 
Elderly Germany  National_Nutrition_Survey_II 2 006 0.32  0.90 
Elderly Denmark  Danish_Dietary_Survey  309  0.42  0.91 
Elderly Finland  FINDIET_2007  463  0.56  1.35 
Elderly France  INCA2  264  0.34  0.86 
Elderly Hungary  National_Repr_Surv  206  0.47  0.94 
Elderly Italy  INRAN_SCAI_2005_06  290  0.29  0.50 
Very elderly  Belgium  Diet_National_2004  712  0.70  2.13 
Very elderly  Germany  National_Nutrition_Survey_II  490  0.33  0.91 
Very elderly  Denmark  Danish_Dietary_Survey  20  0.44  - 
Very elderly  France  INCA2  84  0.36  0.87 
Very elderly  Hungary  National_Repr_Surv  80  0.46  0.93 
Very elderly  Italy  INRAN_SCAI_2005_06  228  0.27  0.44 
(a): Each of the age classes in which the total population has been grouped, as explained in section 2.4; 
(b): Country where the specific consumption survey was performed; 
(c): Acronym of the consumption survey; 
(d): Number of subjects whose consumption records are included in the consumption data of a specific survey for the relevant 
age class; 
(e): P95 = 95
th percentile of exposure. 
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ABBREVIATIONS 
µg/kg  Microgram per kilogram 
mg/kg  Milligrams per kilogram 
3-MCPD 3-monochloropropane-1,2-diol 
BfR  German Federal Institute for Risk Assessment 
Comprehensive 
Database  EFSA Comprehensive European Food Consumption Database 
EC European  Commission 
EFSA  European Food Safety Authority 
EU European  Union 
FAO  Food and Agriculture Organization of the United Nations 
GC-MS  Gas chromatography – mass spectrometry 
GC-HRMS  Gas chromatography – high resolution mass spectrometry 
HPLC-ELSD  High-performance liquid chromatography with evaporative light 
scattering detector 
HVP  Hydrolysed vegetable proteins 
IARC  International Agency for Research on Cancer 
JECFA  Joint FAO/WHO Expert Committee on Food Additives 
LB  Lower Bound. Approach of imputing to results reported as less than a 
limit (detection or quantification) the value of 0  
LC  Left Censoring. Refers to analytical values reported as less than the 
limits of detection or quantification 
LC limit  Level of concentration below which a numerical analytical result is not 
provided. It may be LOD or LOQ 
LC result  Result that has been reported as not detected or not quantified 
LC-MS  Liquid chromatography - mass spectrometry 
LOAEL  Lowest observed adverse effect level 
LOD  Limit of detection 
LOQ  Limit of quantification 
MB  Middle bound. Approach of imputing to results reported as less than a 
limit (detection or quantification) the value of half of the limit  
P25 25
th percentile 
P50 50
th percentile (median) 
P75 75
th percentile 
P95 95
th percentile 
PMTDI  Provisional Maximum Tolerable Daily Intake 
SCF  Scientific Committee on Food 
SSD  Standard Sample Description for food and feed 
TDI  Tolerable Daily Intake 
UB  Upper bound. Approach of imputing to results reported as less than a 
limit (detection or quantification) the value of the limit 
WHO  World Health Organisation 
 